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(57) Abstract 

A bowl-shaped chamber for use in centrifugal apheresis. The 
chamber is used for receiving whole blood, separating blood into 
therapeudc componenu and selectively collecting the therapeutic 
components. In one embodiment, the chamber (10) includes a blad- 
der-Iike casing, which is formable into a bowl-like chamber having 
a bowl-shaped outer wall (32) and a bowl-shaped inner wall (34). 
The inner and outer walls (32, 34) define a blood processing cavity 
(37) therebetween and a Qexible rim area (40) connects the inner 
and outer walls. The rim area (40) defines a rim.edge (34c) and the 
bowl is substantially symmetric about a central spin axis. The rim 
area (40) is adapted to fold against itself so as to form the rim edge 
(34) which is adapted to advance and retract as the chamber vo- 
lume changes. In another embodiment, the bowl (112) has inner 
and outer wails (116 and 118) which define bottom and side walls 
sections (120 and 122), a blood receiving cavity between said walls, 
and at least one port (128, 130) for fluid communication with said 
cavity. The bowl bottom section (120) defines a cylindrically- 
shaped plasma processing volume (136) and the side wail, section 
defines an aimularly-shaped red blood, cell processing volume 
(140). The red blood cell processing volume (140) and the plasma 
processing volume (136) are approximately equal. 
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FLEXIBLE DISPOSABLE CENTRIFUGE SYSTEM 



BACKGROUND OF THE INVENTION : 

This invention relates to a centrifugal liquid processing 
apparatus, and more particularly, to a novel processing or 
5 separation chamber and system for use in centrifugal apheresis 
(e.g., plasmapheresis or plateletapheresis). 

In recent years long-term storage of human blood has been 
achieved by first obtaining whole blood from a donor at a collection 
center and. thereafter, separating the blood into therapeutic 
10 aomponents, such as plasma, platelets, and red cells at a central 
processing laboratory. The separated components are then collected 

and stored for future use. 

The separation of the blood into constituent components is 
typically performed using a centrifuge or centrifugal liquid 

15 processing apparatus. Such systems are disclosed in U.S. Patents 
3,987,961; 4,132,349; and 4,285,464. In such systems the processing 
chamber into which the whole blood is delivered for separation has 
in general been bowl-shaped, rigid and usually disposable. A number 
of different fluid connection systems are known for connecting the 

20 rotating processing chamber to external stationary blood sources or 
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component collection containers. Some of these systems use 
stationary rather than rotating seals. See, for example, U.S. 
Patent 4,151,844; 4,285.464; and 4,389,207. 

In addition to central processing laboratories, newer 
5 systems are being developed in which the centrifuge is located at 
the collection center and the donor is connected to the processing 
apparatus during the donation, separation and collection, 
operations. A number of advantages are recognized from such 
systems, such as speed of collection, increased component yield, 
10 reduced cost, and the like. 

It has been determined that in the newer systems it is 
particularly desirable that the volume of the separation chamber be 
variable so as to accommodate those volume changes occurring during 
the separation and collection procedures. Furthermore, the chamber 
15 should be one-piece and renovable from the centrifugal processing 
apparatus for transporting of blood or components within the chamber. 

In addition, the chamber should be stern lely sealed to 
external sites such as component collection bags and catheters, 
desirably, the entire system should be integral and disposable. 
20 It is also desirable to provide a processing chamber which 

is less expensive to manufacture than the existing bowl systems. 

It is therefore an object of this invention to provide a 
one-piece, variable- volume processing chamber which can be 
economically manufactured and which may be part of a complete 
25 collection and separation system. 

In the processing of blood,- it is generally desirable to 
first separate red blood cells from the whole blood and thereafter 
separate and collect platelets from the remaining plasma. It is 
also desirable to maximize platelet collection in general and, more 
30 specifically, to maximize collection of platelets which may be 
associated with the red blood cells. 
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During centrifugal processing the>ed blood cells separate 
or sediment against the bowl wall. In existing bowls the plasma 
forms a layer inwardly of and adjacent the red blood cell layer with 
an interface of "buffy layer" of platelets forming therebetween. In 
5 such a situation three adjacent layers are formed: the red blood 
cell layer, the platelet or buffy layer, and the plasma layer. 
However the discreteness af the layers may not be as precise as 
desired. 

Thus when collecting the components, it may be difficult to 
10 precisely separate each component without including another 
component. For example, some platelets may be collected during 
collection of the red blood cells. Thus separation and collection 
of the components will not have been maximized. 

It Is particularly important in collecting platelets to 
15 maximize the collection of platelets from whatever quantity, of blood- 
is- taken from the donor. To. this end it is believed to be desirable 
to minimize the separation of platelets from plasma during the 
separation of red blood cells. 

It Is therefore an object of this Invention to provide a 
20 processing chamber which is shaped to assure maximum separation of 
red blood cells while also minimizing platelet separation. 

These and other objects of this invention will become 
apparent from the following description and appended claims. 

SUMMARY OF THE INVENTION 

25 There is provided herein a flexible, one-piece, 

variable-volume processing chamber for iise in centrifugal apheresis 
(e.g., plasmapheresis or plateletapheresis) which can be easily and 
economically manufactured. The chamber is useful in receiving whole 
blood, separating the blood into therapeutic components, and the 

30 selective collection of such components. 
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The chamber includes a flexible, bladder- like casing which 
Is fonnable to a bowl-like shape having an outer wall and an inner 
wall which when spaced from each other define the blood-receiving 
and processing cavity. A flexible rim area connects the inner and 
5 outer walls and defines a flexible rim edge. The resulting bowl is 
substantially synmetric about a central spin axis, is flexible, and 
the rim area is constructed to fojd or lay against itself and to 
roll in an axial direction or advance and retract as the chamber is 
filled and emptied. At least one port provides fluid communication 

10 between .the flood- receiving cavity and external sites. 

The chamber may be one component of an integral sterile and 
disposable separation and collection system which also includes 
fluid-carT7ing tubing, collection bags, and a catheter. 

There is also disclosed herein an enclosed processing bowl 

15 for use in centrifugal apheresis which minimizes platelet separation 
during red blood cell separation and collection and which maximizes 
platelet collection by maximizing the blood sedimentation surface 
area and minimizing the buffy layer Interface area- 

The bowl has inner and outer walls which define bottom and 

20 side wall sections, a blood receiving cavity between said walls, and 
at least one port for fluid communication with said cavity. The 
bowl bottom section defines a cylindrically-shaped plasma processing 
volume, and the side wall section defines an annul arly-shaped red 
blood cell processing volume. The red blood cell processing, volume 

25 and the plasma processing volume are approximately equal. 

The plasma processing volume and red blood cell processing 
volum.e form a generally cylindrical interface at the transition from 
the bottom section to the side wall section.. The buffy layer forms 
at this interface. 

30 The outer wall of the side wall section forms a red blood 

sedimentation surface and the area of the sedimentation surface is 
greater than the surface area of the blood cell /plasma interface. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a perspective view showing the flexible, 
variable- volume, bowl-shaped chamber with mating parts of a 
centrifugal processing apparatus; 
5 FIGURE 2 shows the bowl-shaped chamber distended to show 

the bladder-like casing shape and show how the bowl -shaped chamber 
is formed; 

FIGURE 3 shows a rim edge and . a portion of the rim area 
rolled back upon itself in advanced and retracted positions; 
10 FIGURE 4 shows another version of the chamber with the 

rim edge; 

FIGURE 5 through FIGURE. 12 show the operation of a 
centrifuge system using the bowl-shaped chamber; 

FIGURE 13 shows a integral sterile and disposable 
15 separation and collection system, 

FIGURE 14 is a perspective view showing a processing 
apparatus and variable volume bowl; 

FIGURE 15 is a sectional and perspective view showing a 
fully filled bowl and the red blood cell and the plasma volumes; 
20 FIGURE 16 is a sectional and perspective view showing a 

partially filled* bowl and the red blood cell and the plasma volumes; 

FIGURE 17 is a perspective view, partially in section, 
showing a fixed volume and the red blood cell and the plasma volumes, 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
25 Referring now to Figure 1, a flexible, variable- volume, 

bowl-shaped processing chamber 10 generally is shown positioned 
between a bowl-shaped rotor 12 and a conformingly- shaped and movable 
mandrel 14, 

As previously indicated, centrifugal liquid processing 
30 apparatus of the type used in centrifugal apheresis are known in the 
art. Drive systems for spinning the separation chambers, speed 
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10 



15 



20 



25 



control systems, and the like, are also known in the art. Those 
systems are not shown herein as they are known in the art, and as 
this invention is directed to the flexible, variable- volume chamber 
and the system of which it may be a part. 

The rotor bowl 12 includes a bottom wall portion 16, 
upwardly-extending side wall 18, an upper lip or edge 20, a 
tube-receiving slot 21, and is generally symmetric about a vertical 
spin axis 22-22, The rotor bowl also includes at least one port or 
passageway 24, which is located in the bottom wall 16 at the spin 
axis 22-22. 

The flexible chamber 10 is constructed to fit within the 
rotor bowl 12 for rotation therewith, and the chamber may have a 
shape which is generally complementary to that of the rotor bowl. 

The mandrel 14 is a cup-shaped member, similar in shape to 
the rotor bowl 12, and is adapted to nest therein. The mandrel 14 
includes a bottom wall 26, an upwardly-extending side wall- 28, and 
skirt 30. The mandrel is axially movable toward and away from the 
chamber 10 so that the chamber's volume may be controlled by the 
cooperation of the mandrel 14 and rotor bowl 12. The mandrel is 
mounted to the processing apparatus so as to spin with the rotor 
bowl 12 and the chamber 10 about axis 22-22. 

The flexible chamber 10, as shown herein, includes an outer 
wall 32 and an inner wall 34 which are joined along a flange or 
shoulder-like seal 36 to form an enclosed casing. The space between 
the walls defines a blood- receiving cavity 37. 

The inner and outer walls, as shown here, are formed of a 
flexible, medical -grade, polymeric material, such as 
polyvinyl chloride- In the preferred embodiment, the walls are 
sealed, flexible and pliable. The outerwall 32 includes a fluid 
port 38 and integral conduit 39, which provides fluid conmuni cation 
between the cavity 37 and external blood sources or therapeutic 
component collection sites. The port 38 is shown as aligned with 
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the spin axis and forms what is known as- the. low-gravity or low-G 
port. The inner wall 34 is shown as depressed inwardly toward the 
outer wall 32 and forming a rim area 40 generally adjacent- the 
flange 36. 

5 As can be seen in Figure 1, the flexible processing, chamber 

10 fits within the rotor bowl 12. and since it is flexible, the 
outerwall 32 will conform to the shape of . the rotor wall when the 
chamber is filled and spinning. The conduit. 39 and port 38 are 
positioned in the cover 12 through the slot 21. The mandrel 14. fits 

10 within the depression or space formed in the inner wall 34, and the 
inner wall 34 will conform to the mandrel. Axial movement of the 
mandrel 14 cooperates in controlling the volume of the cavity 37 as 
well as the pressure within the chamber. 

The. chamber 10 is vacuum formed by separately vacuum 

15 forming each of two polyvinyl sheets over a male die, and 

thereafter, nesting the formed sheets and RF (radio frequency) 
sealing the sheets along the peripheral edge or flange line. When a 
high-G port is desired, tubing is sealed in place between the sheets 
at the flange area and provides fluid conmiunicati on with the cavily 

20 37 via a high-G port. 

When the chamber is distended, as suggested in Figure 2, 
the casing assumes a bladder-like configuration which may be 
referred to as a prolate ellipsoid. From the distended position, 
the top end of the inner wall 34 is depressed inwardly so as to form 

25 the depression which receives the mandrel 14. 

In some situations, it is important at the end of the 
separation procedures to fully express all liquid from the 
processing chamber. This requires that the chamber walls be capable 
of being flattened against themselves and that the only space 

30 provided between the rotor bowl 12 and mandrel 14 will be about the 
thickness of the chamber's inner and outer walls. 
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As shown in Figure 3, the chamber material is sufficiently 
flexible at the rim area 40 that It can be folded back upon itself. 
Thus the inner wall 34 is folded back so that wall portions, such as 
34a; and 34b^, contact each other and there is no space therebetween. 

5 The folded wall portions form the rim edge 34c. 

As the bov/1 fills and empties, the rim edge 34c advances 
and retracts, and in a sense rolls, while retaining an edge. In 
Figure 3, the bowl is shown in an expanded position by the dashed 
lines with the inner wall 34 flattened against itself as it rolls 

10 axial ly upwardly and downwardly. Thus one of the inherent 

characteristics of the material selected for the inner wall Is that 
it be capable of being folded flat against itself so as to define a 
rim area and rim edge and roll upwardly and downwardly without 
tearing or leaking. 

15 Referring now to Figure 4, there are situations in which it 

is desirable to begin processing with an initial liquid volume in 
the chamber and/or to leave some liquid in the chamber at the end of 
the processing cycle. In such situations, the mandrel and rotor are 
arranged to permit the inner wall portions 34a^ and 34b to be spaced 

20 from each other in the rim area while still forming the rim edge 
34£. The rim edge 34c advances upwardly and downwardly, but with 
the inner and outer walls spaced from each other. Again, the rim 
edge will not tear or leak. 

In the simplest form, shown in Figure 1, only a single 

25 fluid port 38 is provided. Depending upon how the system Is used, 
all fluid flow and separation can. be accomplished through the port 
38. Since the port is located on the spin axis, the port is 
referred to as the low-G (low-gravity) port. Alternatively, a 
single port could be provided at the greatest radial distance from 

30 the spin axis and this would be referred to as the high-G 

(high-gravity) port. In Figure 1, that position would be at the 
flange line 36. Other single port systems can be envisioned. 
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For some applications, multiple port systems are 
desirable. Referring now to Figure 2, the.low-6 port is shown as 38 
and the high-G port- as 42, 

The h1gh-G port is formed by bonding tubing between the 
5 inner and outer walls at the flange 36. The. tubing connects the 
port to a Y-connector 43 or to a harness which holds the tubing 
connecting the low-G port 38. The. connection between the rotating 
parts and stationary parts external of the rotor and. chamber may be 
made in the manner disclosed in U.S. Patents Re. 29,738; 3.986,442; 

10 and 4,108,353. 

A number of different processing techniques can be used for 
separating the therapeutic components using the rate of the spin, 
the mandrel and either one or two ports. 

In some situations a three-port system m^y be desirable. 

15 In such a system a third port 44 Is provided through the outer wall 
32 at a position Intermediate the low-6 port 38 and high-G 42. The 
third port could be used as a blood inlet, so that blood entering at 
port 44 would immediately begin to separate with high density 
components (such as red blood, cells) moving toward the high-G port 

20 42 and the low densl^ components (such as plasma) separating toward 

the low-G port 38. 

This is but one technique to be used, and it is important 

to note that blood inlet port 44 can be provided through the side 

wall 32. If such a port were added, it could be connected via 
25 tubing to the Y-connector 43 adjacent port 38 in the same manner as 

the tubing from the high-6 port 42. 

The embodiment previously described is fabricated by the 

vacuum forming of two sheets and inclusion of molded ports and 

tubing. Another technique by which such a system can be prepared is 
30 by blow-molding in which, for example, the high-G port and return 

tubing are molded into the side wall. 



PCTAJS84/01796 



WO 83/02561 



-10- 



10 



15 



20 



25 



One mode for operating the flexible volume reservoir is 
shown in diagrammatic form in Figures 5-12. Here for ease of 
consideration the variable- volume chamber is shown without the 
mandrel and rotor. It is understood that the chamber is held 
against the rotor wall and has assumed the shape of the rotor wall 
and mandrel. 

In the system shown in Figure 5, the chamber 50 includes a 
low-G port 52 and line 53, and a high-G port 54 and line 56. The 
lines 53 and 58 are shown connected to a multiple-lumen umbilicus, 
which connects the low-6 and high-G ports to external points. 
Various valves, clamps and pumps can be provided external of the 
chamber for controlling flow through the ports 52 and 54. One such 
system is described hereinafter. 

As shown in Figure 5, the mandrel has compressed the 
chamber so that the chamber's inner and outer walls are compressed 
together. 

Initially a small amount of anticoagulant is metered into 
the processing chamber (or is provided at the time of manufactured), 
and. as shown in Figure 6, whole blood is delivered to the chamber 
and enters via low-G port 52. The blood fills the chamber and mixes 
with the anticoagulant. As the blood enters the chamber, the rotor 
rotates slowly and the mandrel retracts so as to fill the chamber 
with about 525 milliliters of whole blood. 

Thereafter, the processing apparatus spins the rotor, 
chamber and mandrel in a first spin so as to separate the blood into 
red blood cells (RBC) and platelet-rich plasma (PRP). This spin is 
sometimes referred to as a soft spin and the specific spin 
conditions, as is known in the art, depend on factors such as 
rotational velocity, bowl surface area, time, initial blood 
hematocrit, and the like. 
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Referring now to Figure 7, the red blood cells (RBC) move 
radially outwardly along the sides of the chamber, and the 
platelet-rich plasma collects in the center portion of the chamber 
and is identified as PRP. Red blood cells may be collected by 
5 closing the low-6 port 52, opening the high-G port 54, and moving 
the mandrel downwardly so that the. volume of the processing chamber 
is reduced,, and red blood cells are forced from the chamber through 
the high-G port 54 and line 58 for harvesting and collection-. This 
leaves the platelet-rich plasma (PRP) in the flexible bowl as shown 

10 in Figure 8. 

Referring now to Figure 9, the bowl is than subjected to a 
second spin which separates the platelets, from the platelet-rich 
plasma by driving the platelets along the outer wall, which leaves 
the platelet-free plasma at the center. This is sometimes known as 

15 a hard spin. Thereafter, the high-6 port 54 is closed, the low-G 
port 52 is opened, the mandrel is moved downwardly, and the 
platelet-free plasma (PRP) is expressed from the chamber, as shown 
in Figure 10. 

The mandrel is then retracted, which draws a small amount 
20 of air into the systen from an empty but sterile and closed transfer 
pack or collection bag. Agitation resuspends the platelets into a 
small volume of carrier plasma. Under a third spin,, or soft spin, 
as shown in Figure 12, the mandrel expresses the platelet 
concentrate out of the chamber and into a collection bag for 
25 transporting.. Alternatively, the platelets can be transported in 
the processing bowl rather than being collected and transported in a 
separate bag. 

As can be seen from these drawings, the volume of the 
chamber varies as blood is Introduced into the chamber and In 
30 accordance with the separation procedure which is being used. In so 
doing, the rim edge 34£ moves upwardly and downwardly, and thus that 
area must be flexible as previously described. 
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In an alternative* embodiment, the outer wall of the chamber 
may be rigid and a predetermined portion of the inner wall may be 
rigid. But the rim area and the rim edge must remain flexible. 



5 collection and separation system is shown in Figure 13. This entire 
system is sterllely sealed upon manufacture and, as such, can be 
used to store and transport whole blood and components for times 
greater than those permitted by regulation when the system Is open 
or pierced in the field. 

In this system the flexible, variable- volume processing 
chamber 60 Includes a hIgh-G port 62 and tubing 64 and a low-G port 
66 and tubing 68. The tubing may be threaded through peristaltic 
roller pumps 70 and 72 and then connected at a Y-junctlon 74. It 
will be recalled that the chamber 60 Is rotating while the pumps 70 

15 and 72 are fixed in place. 

The rotating chamber and stationary pumps are connected via 
tubing 64 and 68. This connection is made in accordance with the 
teaching of U.S. Patents Re. 29,738; 3,986,442; and 4,108,353, which 
permit a seal less connection between rotary and stationary members. 

20 This fluid communication is established without rotary seals or the 



standard red blood cell collection bag 78, a standard plasma 
collection bag 80, a special breathable platelet collection bag 82, 

25 a saline-contaim'ng bag 84, an anticoagulant bag 85, and a catheter 
86.. Anticoagulant can be provided from a separate bag as shown or 
may be Initially provided In the processing chamber 60 In which case 
an anticoagulant bag, such as 85, is not included the system. 

With this system the saline solution ma^y be drawn from bag 

30 84 and anticoagulant from bag 85, through line 76, and into the 

chamber 60 for priming. Thereafter, blood is taken from the patient 



A complete. Integral, disposable, sterile and sealed 



like. 



The tubing 76 leading from junction 74 connects to a 
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via catheter 86 and delivered via line 76 to chamber 60, preferably 
through low-6 port 62. During this. phase, the collection bags may 
be clamped using external clamping means, such as forceps or 
henostats. 

5 Various separation procedures have been described above, 

and as can be seen, red blood cells, for example, may be drawn from 

the high-G port 62 utilizing roller pump 70 and delivered to the red 

blood cell collection bag 78. Mext, platelet-free plasma may be . 

drawn from the low-G port 66 using pump 72 and delivered to the 
10 plasma collection bag 80. Then platelet concentrate may be 

collected via high-G port 62, pump 70 and delivered to the special 

platelet collection bag 82. 

It will be understood that, the entire system is disposable 

and sterilely sealed at the plant. Thus, it may be removed from the 
15 centrifuge, from the roller pumps 70 and 7-2, from the patient 86 and 

delivered to the processing site. 

A preferred embodiment, of the processing chamber is shown 

in Figures 14 through 17, being therein identified by reference 

numeral 112. As shown, the chamber 112 includes an inner wall 116 
20 and an outer wall 118.. These walls form a bowl-shaped chamber 

having a generally cylindrical bottom section 120 and a generally 

annular upstanding side wall section 122. 

Referring now to Figure 15. it is seen that the bottom 

section 120 is formed by the transverse bottom wall portions of the 
25 inner wall 116a; and of the outer wall 118±. The side wall portions 

are formed by the upstanding side wall 116b^ of inner wall and 

upstanding side wall 118b, of the outer wall. 

The inner wall 116 and outer wall 118 form a flexible rim 

area 124 which flexes and appears to roll as the chamber volume 
30 increases and decreases, thereby permitting changes without tearing 

or rupturing. The walls are each formed from a flexible 
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poly vinyl chloride sheet which Is vacuum formed and the sheets are 
then heat sealed along a peripheral flange 126 so as to form the 
sealed chamber. 

As shown in Figure 14, a high-gravity port 128 is formed in 
5 the flange at the radially outermost point and a low-gravity port 
130 is formed in the bottom wall at the intersection of the spin 
axis A-A. Conduits 132 and 134 connect the ports 128 and 130 to 
external blood sources and collection containers. The chamber 112 
is fitted into the bowl cover 110 and tubing from the chamber ports 

10 its within slot 129. A chamber engaging mandrel 114 is also 

provided as heretofore described. Stationary seal connections are 
made to the external blood sources and collection points as shown in 
U.S. Patents 4,151,844; 4,285,464; and 4,389,207. 

Referring again to Figure 15, when the chamber is filled, 

15 it expands and the inner bottom wall portion 116£ moves upwardly 
away from the bottom wall portion 118a, the inner side wall 116b^ 
moves inwardly from the outer wall llSa^, and the rim area 124 moves 
axially upwardly. 

The space between the bottom walls forms a cylindrical or 

20 disc-like plasma processing volume (Vp) 36, which has an outer 
cylindrical surface 138. The space between the side wall forms an 
annul arly shaped red blood cell processing volume (Vbc) 40. 

The interface between the blood volume and plasma volume is 
along the cylindrical surface 138, which forms at the transition 

25 from the bottom to the side wall. The bowl is shaped so that when 
blood having a hematocrit between 40-60 (ie., volume percent red 
blood cells) is processed, the red blood cell volume 40 and plasma 
volume 36 are approximately equal whether the bowl is fully filled 
as in Figure 15 or partially filled as in Figure 16. 
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The bowl is also constructed such that the red blood cell 
sedimentation surface area (S^) 118b Is greater than the interface 
surface area iS^) 132. For example, when the bowl is fully 
filled, the red blood cell sedimentation surface area 118^ may be 
5 about four times that of the interface 138. 

When the bowl is partially filled, as seen in Figure 16, 
the red blood cell area (S^) 118b is clearly greater than the 
interface surface area ($2) 138. 

In operation, whole blood is introduced into the chamber 

10 through the low-G port 130, for example, and the apparatus is spun 
about the axis A-A in a first or hard spin. During this first spin 
the heavier red blood cells are driven toward or sediment against 
the outer wall 118b and red blood cells fill the blood cell volume 
40. Platelet-rich plasma in the volume 40 is displaced inwardly 

15 toward the plasma volume 36. Eventually the red blood cells, which 
are experiencing high gravity forces, sediment or "pack out", thus 
fining the volume 40. Using this procedure, platelet separation 
from the red blood cells is maximized as is red blood cell purity. 
The plasma volume 36 fills with the platelet-rich plasma 

20 initially In the volume and with the platelet-r1ch plasma displaced 
into the volume. The platelet-rich plasma In the plasma volume- 36 
experiences Ibw-G forces as compared to the forces experienced by 
the red blood cells. The plasma at the axis A-A, experiences almost 
no centrifugal forces, and. the plasma at the interface 138 

25 experiences some centrifugal forces- 
Due to displacement and centrifugal forces some platelets 
will separate from the plasma and form a buffy .layer at the. 
interface 120. However, the amount of platelet separation and buffy 
layer formation is minimized and is related to the spin rate, plasma 

30 viscosity. Interface position, and the like. The intent is to 
minimize platelet separation and buffy layer formation during red 
blood cell separation. 
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In one example, the chamber was fully filled with about 500 
milliliters of whole blood which has a h«natocr1t of about 40 (1e., 
40 volume per cent red blood cells). 

After the first or hard spin, the red blood cells formed a 
5 bed of packed cells In the volume 40, platelet-rich plasma collected 
in volume 36, and a thin buffy layer formed at Interface 138. The 
packed cell volume was about 250 milliliters and the plasma volume 
was about 250 milliliters. 

It will be appreciated that due to the higher G forces and 
10 larger surface area, the red blood cells separated or sedlmented 
faster than the platelets at the interface 138. 

After separation, the red blood cells can be collected 
through the high-G port 128 with minimal platelet contamination. 
Thereafter, the chamber can be utilized for platelet/plasma 
15 separation. 

Since the volume relationships remain substantially 
constant (1e., about equal) and the red blood cell sedimentation 
area Is greater than the buffy l^er area, small or large quantities 
of whole blood can be processed. 
20 Figure 16 shows- the variable volume chamber set to process 

less than 525 milliliters of whole blood. As in Figure 15, the 
volumes are about equal and the red blood cell surface area is 
greater than the Interface area. Processing is performed In 
substantially the same manner and the same type of separation is 
25 effected. 

In Figure 17, an enclosed, rigid, fixed volume processing 
bowl 150 is shown. The housings, drives and controls for operating 
a rigid bowl system are known In the art. The bowl 150 may be 
blow-molded or fabricated from plastic members and includes rigid 
30 Inner and outer walls 152 and 154 which define a fixed Internal 

volume that includes a red blood cell volume 56 in the side wall and 
a plasma volume 58 In the bottom wall. The howl Includes a red 
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blood cell sedimentation surface 160 and is structured to permit a 
buffy layer or interface 162 to form and be defined, High-G and 
low-6 ports 164 and 166 and related conduits are also provided- 
Separation of therapeutic components using this bowl is similar to 
5 separation using the variable volume bowl except that no volume 

variation occurs- 

It will be appreciated that numerous changes and 
modifications can be made to the embodiments disclosed herein 
without departing from the spirit and scope of this invention- 
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CLAIMS ; 

1. A flexible, van able- volume, bowl-shaped chamber for 
use in centrifugal apheresis for receiving whole blood, separating 
blood Into therapeutic components, and selectively collecting 
5 therapeutic components of blood, said chamber comprising: 

an enclosed bladder-like casing which Is formable into said 
bowl-shaped chamber, said chamber having a bowl*shaped outer wall, 
and a bowl -shaped inner wall positioned within said outer wall which 
defines a blood processing cavity therebetween and a flexible rim 
10 area connecting said inner wall and outer wall, which area defines a 
rim edge; 

said flexible rim area being adapted to fold against: itself 
to form a rim edge which is adapted to advance and retract as said 
chamber volume changes; and 

15 said outer wall having at least one port extending 

therethrough for fluid conmunication with the blood-processing space. 

Z* A variable- volume chamber as in Claim 1, wherein a pair 
of ports are provided, with one port passing through the outer wall 
at the central spin axis to form a low- gravity port and the other . 

20 port passes through the casing at a radially outermost point so as 
to form a high-gravity port.. 

3. A variable- volume chamber as in Claim 2 wherein a third 
port is provided, which passes through the outer wall at a point 
intermediate the low-gravity and high-gravity ports. 

25 4, A variable- volume chamber as in Claim 1, wherein said 

inner and outer walls at said rim area are spaced from each other 
and are constructed to move in axially opposite directions as said 
chamber is filled and emptied so that, the rim edge appears to roll 
axially.. 
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5. A variable-volume chamber as in Claim 1, wherein said 
inner and outer walls at said rim area contact each other and slide 
against each other in opposite directions, as said chamber is filled 
and emptied so that the rim edge appears to roll axially. 

6. A variable-volume chamber as In Claim 1, wherein said 
chamber forms a part of a disposable blood collection and component 
separation system which comprises said chamber, at least one 
therapeutic component collection container integrally and sterilely 
connected to at least one port of said bowl-shaped chamber, and 
catheter means integrally and sterilely connected to said 

bowl -shaped chamber to at least one port of said bowl-shaped chamber. 

7. A system- as in Claim 6, wherein there is provided three 
component collection containers, each adapted and constructed to 
receive a therapeutic component; one of said containers, adapted to 
receive red blood cells; a second to receive platelets; and a third 
for receiving platelet-free plasma, each of said collection 
containers- being constructed to be selectively opened and closed to 
receive a component from said processing chamber. 

8. An enclosed processing bowl for use in centrifugal 
apheresis, said bowl having inner, and outer walls which define a 
bottom sect'ibn, a side wall section, and a blood-receiving cavily 
between said walls and at least one port for fluid communication 
with said cavity, and said bowl having a spin axis extending 
centrally through said bowl; 

the bottom section of the bowl defining a 
cylindrical ly-shaped plasma processing volume between the inner and 
outer walls of said bottom; 

the side wall section of the bowl defining an 
annul arly-shaped red blood cell processing volume between the inner 
and outer walls of said side wall; 
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said' plasma processing volume and red blood cell processing 
volume being adjacent each other at the transition from the botton 
wall to the side wall to form a generally cylindrical interface; 

said outer wall of said annul arly-shaped red blood cell 
5 processing volume forming a red blood cell sedimentation surface; and 

the surface area of the red blood cell sedimentation 
surface being greater than the area of the cylindrical blood cell 
plasma interface. 

9. A centrifugal processing bowl as in Claim 8, wherein 
ID the bowl Is substantially symmetric about said spin axis. 

10. A centrifugal processing bowl as in Claim 8, wherein 
the. volume of the red cell processing volume and volume of the 
plasma processing volume are substantially equal. 

11* A centrifugal blood processing bowl as in Claim 8, 
15 wherein the red cell processing sedimentation surface area is at 
least twice the surface area of the Interface. 

12. A centrifugal blood processing bowl as in Claim 11, 
wherein the red cell processing sedimentation surface area is about 
four times greater than the surface area of the interface. 
20 13. A centrifugal blood processing bowl as In Claim 8» 

wherein said bowl is of a fixed volume and the inner and outer walls 
are fixed and rigid. 

14. A centrifugal blood processing bowl as in Claim 8, 
wherein said bowl is of a variable volume and the inner and outer 

25 walls join at a. rim area and at least the rim area of said bowl are 
flexible so as to accommodate changes in bowl volume. 

15. A centrifugal blood processing bowl as in Claim 14, 
wherein the red cell processing volume and plasma volume are 
approximately equal and said volumes remain equal to each other 

30 throughout the range of chamber column changes from empty to full. 
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